A strong earthquake that hit Aceh on December 26, 2004, triggered a powerful tsunami, resulting in an unprecedented catastrophe in Sri Lanka. The initial phase of the disaster was marked by limited access to food coupled with an inadequate supply of safe water and poor environmental hygiene and sanitation, all of which placed children at increased risk for undernutrition.
Introduction
Sri Lanka is an island with a land area of approximately 65,654 km 2 . It has a mountainous area in the south-central region ranging in elevation from about 300 to 2,524 m. The coastal plain occupies the rest of the island, being narrower in the west and south but broadening out in the east and north. The climate of Sri Lanka is tropical, with an annual average rainfall ranging from less than 1,000 mm across the northwest and southeast of the island to more than 5,000 mm on the southwestern slopes of the central hills [1] . Sri Lankans are not much used to facing natural disasters, since there have been very few in the history of the island.
The tsunami, which was one of the most destructive natural catastrophes in recent times, hit the coastal areas of Asia and some parts of Africa, taking more than 300,000 human lives. When the tidal waves hit Sri Lanka on December 26, 2004, 30,527 people died, 773,636 were displaced, and 15,686 were injured. Massive waves swept over the low-lying coast without any warning, flattening buildings and sweeping people away. The damage to the infrastructure was similarly extensive. More than 96,000 houses were destroyed and 26,528 were partially damaged. To accommodate the displaced population, 739 camps were established in temples, schools, and churches.
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The disaster caused massive displacement of entire communities. The survivors lost their assets and loved ones and became dependent on relief assistance. Some suffered from the devastating effects of exhaustion, bereavement, ill health, and injury. They were placed in a situation where food availability was limited and access to safe water and sanitation was poor.
Indicators related to nutritional status are considered to be the most vital indicators of the well-being of the population during emergencies. These indicators are useful to identify needs, prioritize the use of resources, track changes, and prevent the deterioration of the nutritional status of the population.
Even before the tsunami disaster, undernutrition (children < -2 SD of weight-for-age) was the primary developmental challenge for Sri Lankan children. A demographic and health survey in 2000 indicated that 14.0%, 13.5%, and 29.4% of children under five years of age were wasted, stunted, and underweight, respectively [1] . Among children under five years, the prevalence of anemia was 30%, and prevalence of serum retinol levels below 20 µg/L was 33.3% [2, 3] . The literacy level among adults in 2001 was 92.5%, with a female literacy rate of more than 90%. Female life expectancy at birth exceeded 75 years in 2001 [4] . Although Sri Lanka has made impressive achievements in child survival, undernutrition among children remains a significant public health problem. With the onset of the tsunami and the subsequent population displacement, people lost their customary sources of food and were exposed to additional environmental risks, such as an inadequate supply of safe water and lack of sanitation and hygiene. These conditions were expected to increase the risk of undernutrition among vulnerable groups, in particular children and women.
A nutrition survey was needed to measure the extent and severity of malnutrition among the tsunamiaffected population living in relief camps and to plan appropriate interventions. It was expected that the results of the nutrition survey would provide an update on the nutritional status of the affected population and could be used as baseline data for monitoring the impact of interventions, such as emergency food supplies and other relief efforts.
In order to collect baseline information from people living in the relief camps, facilitate relevant actions, and monitor the situation, UNICEF, together with the World Food Program (WFP), supported a nutrition survey in camps housing displaced people conducted by the Medical Research Institute of the Ministry of Healthcare and Nutrition. The objectives of the study were to assess the nutritional status of children under five, lactating women, and pregnant women living in relief camps and to document the determinants of undernutrition in the relief camps.
Methods
A cross-sectional, two-stage, 30-cluster, rapid assessment nutrition survey was carried out. Each relief camp was considered a cluster. Sample size was calculated on the basis of an expected estimated prevalence of wasting among the displaced population of 20%, with a 95% confidence interval and 5% error. The design effect was determined to be 3.5 due to the clustering effect of camps. The calculated sample size for statistical significance was 900 children under five.
Only 12 of 25 coastal districts in Sri Lanka were directly affected by the tsunami. During the first stage of sampling, the number of camps included from each affected district was selected randomly with the probability proportional to the affected population size in the district. At the second sampling stage, the required number of camps from each district was randomly selected.
In each selected camp, 30 children were randomly selected from a list maintained by the camp managers using computer-generated random numbers. If 30 children were not available from a selected camp, children were recruited from the nearest relief camp from the same locality to fulfill the sample size. A total of 40 camps were studied. Pregnant women and lactating mothers in the selected relief camps were measured after obtaining consent.
Data collection
Data were collected by trained and experienced staff. The survey team consisted of two or three members of the staff of the Department of Nutrition and the Nutrition Coordinating Division. Six teams were deployed, each covering five camps (one camp per day) during the survey. The data collection period was January 17 to 28, 2005. The investigators interviewed the primary caregivers of children under five years (mothers, fathers, or other caregivers), took anthropometric measurements, conducted focus group discussions with caregivers, interviewed key informants (camp managers), and made direct observations of the conditions in the camps.
An interviewer-administered questionnaire was used to collect information from the primary caregivers of under-five children on basic demographic characteristics (age or date of birth and sex), illnesses, feeding patterns, access to water and sanitary facilities, and dietary diversity.
The weight, height, or length of children under five years, mid-upper-arm circumference of pregnant women, and weight and height of lactating women were measured using standard techniques described by the World Health Organization (WHO) [5] . Weight was measured to the nearest 100 g with a Seca electronic scale while the subject was wearing minimal clothing and no shoes. The accuracy of the scale was checked each morning with standard weights. No corrections were made for the weight of clothing, which averaged 25 g for children. The height or (in children under 2 years of age) length of children was measured to the nearest 0.1 cm with a measuring board. The weight of lactating women was measured with a stadiometer, with the woman not wearing shoes and her head held in the Frankfort horizontal plane.
Focus group discussions were conducted by three experienced supervisors using an interviewer guide. A total of 15 focus group discussions were conducted (one group per camp), each of which included 6 to 10 caregivers from each selected camp. The participants were asked what foods were commonly given to the children, the frequency of consumption of different foods, whether the children's food consumption changed after they came to the camp, and what constraints there were on adequate care for the children.
The camp managers, serving as key informants, were interviewed to collect information on food availability and accessibility in the camp and access to health services, water, and sanitation.
During the survey the interviewers were asked to directly observe food availability and access to food, health, and sanitation. The survey team members were provided with checklists to facilitate the process.
Written ethical approval for this study was obtained from the Director General of Health Services, Ministry of Healthcare and Nutrition in Sri Lanka. Informed oral consent was obtained from camp managers and mothers or other caregivers before the interviews. All of the interviewers and measurement takers were healthcare personnel who had previous experience with nutritional surveys and who were trained in assessment methods and administration of the questionnaire. Pretesting of different data-collection techniques was carried out at the relief camp closest to the Medical Research Institute, and some corrections and rewording of the questionnaire were made. The medical specialists and medical officers of the Department of Nutrition, Medical Research Institute, closely monitored the fieldwork. All of the selected camps were accessible by driving. Orphaned children were also included in the study, since relatives or neighbors in the camps looked after them. The survey was conducted as a rapid assessment in a disaster, and therefore we focused on children living in relief camps.
Data analysis
Data were analyzed with the Statistical Package for the Social Sciences statistical software (version 10.0 for Windows; SPSS, Cary, NC, USA). Age was calculated in months from the child's date of birth. Although some birth certificates were lost in the tsunami, the majority of caregivers knew their children's birthdates. Weightfor-age, weight-for-height, and height-for-age were cal-culated for children by using ANTHRO/CDC (version 1.02; US Centers for Disease Control and Prevention, Atlanta, Ga, USA) software. National Center for Health Statistics (NCHS) reference data were used. The cutoff point for stunting, wasting, and underweight was a z score below -2SD of the reference value, according to WHO guidelines [6] . The body-mass index (BMI) of lactating women was calculated as the weight in kilograms divided by the square of the height in meters. Women with BMI < 18.5 were considered underweight and those with BMI > 24.9 were considered overweight [6] . The cutoff points for mid-upper-arm circumference (MUAC) of pregnant women were ≤ 230 mm for acute undernutrition and ≤ 207 mm for severe acute undernutrition [7] . Chi-square values and odds ratios were calculated, and p < .05 was considered to indicate statistical significance.
Results
A total of 30 camps were included in the study. Basic demographic information from populations in the selected camps is given in table 1. The population of the camps ranged from 253 to 2,594 (median, 446). The median number of children under five in these camps was 32 (range, 20 to 189). A total of 905 children under five years of age, 97 lactating women, and 168 pregnant women in the camp population were included in the study.
In the study sample, 3% of the records were not usable and excluded from analysis, so that 878 children were included in the analysis. The majority of respondents (89.6%) were mothers, 5.8% were fathers, and 4.6% were other caregivers. The mean number of days spent in the camp was 23, ranging from 1 to 32. Children 1 to 5 years of age were evenly distributed according to sex, with 49.1% boys and 50.9% girls.
Prevalence of wasting, stunting, and underweight
The overall prevalence of wasting (percentage of subjects -2 SD below the NCHS/WHO weight-for-height reference) was 16.1% (table 2). The prevalence of wasting increased and then decreased with age and was lowest at 24 to 35.9 months of age. The highest prevalence of wasting (31.2%) occurred at 12 to 23.9 months. The prevalence of wasting was higher in boys than in girls, but the difference was not significant (17.3% vs. 14.9%; p = .37). The overall prevalence of stunting (the percentage below -2 SD of the NCHS/WHO height-for-age reference) was 20.2%. The prevalence of stunting among boys (22.4%) was higher than that among girls (18.0%). The overall prevalence of underweight (percentage below -2 SD of the NCHS/WHO weight-for-age reference) was 34.7%. The prevalence of underweight increased and then decreased as age increased for both sexes. In this population, the highest prevalence of underweight (25.9%) occurred between 36 and 47.9 months. Only seven (0.8%) children were severely wasted (below -3 SD of the NCHS/WHO weight-for-height reference). Most of the wasted children were moderately wasted (between -2 SD and -3 SD of the NCHS/ WHO reference) ( fig. 1) . The prevalence of severe wasting was highest among children under 1 year of age (1.8%).
Determinants of undernutrition
Data were also collected on factors possibly related to undernutrition, including disease prevalence, feeding frequency, dietary diversity, mans of livelihood prior to the tsunami, access to water and sanitation, coping strategies, and deaths.
The incidence of serious illnesses among the children during the 2 weeks prior to the study was determined. Acute respiratory tract infection, as determined by public health inspectors, was defined as cough or cold with or without fever. Table 3 shows that 69.5% of children under five had suffered from acute respiratory tract infections and 17.9% had had diarrheal disease (three or more loose stools) in the previous 2-week period. The highest prevalence of acute respiratory Nutritional status of Sri Lankan tsunami refugees tract infections (24.9%) and diarrhea (35.7%) was observed among children 12 to 23.9 months of age.
Routine supplementation with megadoses of vitamin A is provided for children 9 to 18 months of age in Sri Lanka through the maternal and child health clinics. Among the children in our study, only 20.8% of those over 6 months of age had received their vitamin A megadose during the previous 6 months. Among children 12 to 23 months of age, 33.2% had received their megadoses. Table 4 shows the breastfeeding pattern among children in relation to age. During the study period, 94.1% of children under 6 months of age, 85.2% of children between 6 and 11.9 months of age, and more than two-thirds (69.8%) of children 1 to 2 years of age were being breastfed. A few children (7.6%) older than 48 months were also being breastfed. Of the children who were no longer being breastfed, more than half (51.4%) had stopped breastfeeding after the age of 18 months. A few children (3.3%) had never been breastfed.
The study also determined the frequency of feeding among children in relation to age. The majority of children under 6 months of age (78.8%), 6 to 11.9 months of age (64.0%), and 12 to 23.9 months of age (50.2%) were fed four or more times per day. More than half of the children older than 24 months of age were fed three times daily, and nearly one-third of them were fed four or more times per day. Table 5 shows the food-consumption patterns of the children during the 24 hours prior to the interview. Children aged 6 to 11 months were fed mainly rice, milk, and sugar. Around three-fourths of the children (70.9%) had not received any supplementary foods, such as triposha (a fortified supplementary food produced in Sri Lanka and supplied by the government), corn-soya blend, or any other commercial products available in the markets. In our study population, 76.7% of infants 6 to 11 months of age had been given tea and beverages containing sugar; 79.1% had not received any kind of animal products such as fresh fish, meat, dried fish, or eggs; 76.4% had not received pulses or soya; and 90.9% had not received fats, coconut, or margarine. The main food source of the infants was breastmilk.
Children aged 12 to 23 months were fed mainly with rice, milk, pulses, and sugar. The majority of children had not received fruits, vegetables, or green leafy vegetables. a. Twenty-one children either had no mother or were orphans.
Respondents who were parents or caregivers of a child (95.4% of the sample) were asked what their means of livelihood was before the tsunami. About 40% of the respondents had been involved in the fishing industry, and 35.9% were day workers in jobs related to the fishing industry. Only 1.6% were dependent on agriculture as a means of livelihood. None were employed at the time of the interview.
At the camps, 70.2% of primary caregivers obtained their drinking water from bowsers (tanker trucks) and 57.7% also obtained their water for cooking and personal hygiene from bowsers. The majority (77.1%) felt that they had access to adequate quantities of safe drinking water in the camps. For personal sanitation, 70.4% of respondents used water-sealed toilets and 24.8% used temporary toilets such as trenches. Only 68.0% always washed their hands after defecation and 59.3% before preparation of foods.
Four-fifths (80.8%) of the caregivers stated that their children had enough food to eat during the 7 days prior to the interview. Some respondents reported that they did not have enough food for their children at three to six meals per week. They coped with the shortage of food by limiting children's portion sizes, restricting the quantities consumed by adults in order to feed the children, reducing the number of meals in a day, and going outside the camp to purchase food or obtain it from friends or relatives. Table 6 shows that children with diarrhea (OR = 1.8) or acute respiratory tract infection (OR = 1.2) were at Nutritional status of Sri Lankan tsunami refugees higher risk of wasting and underweight than children who did not have these conditions. Boys under five years were at higher risk for wasting, underweight, and stunting than girls of the same age.
Nutritional status of pregnant women and lactating women
The nutritional status of 168 pregnant women was determined by measurements of MUAC. Of pregnant women, 12% were suffering from severe acute undernutrition and 25% from moderate undernutrition. Only 97 lactating women (within 6 months of delivery) were found in the study camps. About one-third (31.1%) were underweight (BMI < 18.5) and 19.8% were overweight (BMI >24.9).
Focus group discussions
All camps provided cooked meals, and the residents participated in the cooking on a rotating basis. However, only adult food was served, and no separate food was provided for the children. Many caregivers felt that the meal patterns of children from 6 months to 5 years of age changed after they came to the camps and their appetites were reduced. The common foods given to children were rice, dhal, biscuits, and tea with milk. Some caregivers stated that they fed their children mainly biscuits and milk or tea with milk. There were no facilities for cooking family meals, and meals were served three times per day. The caregivers were concerned that the children did not get any vegetables and fruits. Children were given eggs and canned fish occasionally. Some children refused to eat the same kinds of food every day. Most of the mothers continued breastfeeding without problems related to reduction of breastmilk volume. Some children were being fed with formula before the tsunami, and obtaining milk powder and ensuring its hygienic preparation in the camp was a problem.
The caregivers reported that the children had frequent coughs, colds, and fevers, but they felt that this was not unusual because the children had these symptoms frequently before the tsunami.
Interviews with key informants
The camp managers stated that the daily general food ration provided to all displaced people by the government included 200 g of rice, 60 g of dhal, 20 g of sugar, 200 g of wheat flour, 20 g of oil, and 5 g of salt. In addition, each person was provided with Rs. 200 (US$2) per week to purchase food items from the cooperative stores in the camps. The government also provided biscuits, milk powder, and canned fish occasionally. The food supply was not always stable, and the camp managers coped by reducing the quantity of rations. About three-quarters of the managers felt that the amount of food available in the camps was satisfactory. Only 6.5% of the managers received funds to purchase food from private donors. The managers reported that the children had to eat from a common pot of food. Most of the time children had to be fed only breastmilk and biscuits because the cooked food was too spicy for them.
The managers reported that each camp was visited by health-care workers on average 5 days per week. The mean (± SD) distance from a camp to a hospital or clinic facility was 2.8 ± 2.2 km. The managers stated that illnesses prevailing in the camps were fever with cough or colds and diarrhea; the managers used a number of approaches to organize medical services in the camps to attend to children's illnesses. These included establishment of medical services within the camp, mobile clinics, visits by a medical officer every two days, and medical services provided by the nearest hospital, or clinic.
The managers felt that the quality and quantity of drinking water in the camps were satisfactory. Nearly 68% of the managers reported that more than 20 people used one toilet. It was also found that different methods were used by mothers to dispose children's stools, which included disposing in toilets (77.4%), in the bushes (19.4%), and by other methods (3.2%). 
Direct observation of camps by interviewers
The camps were examined by the interviewers, most of whom were public health inspectors, with respect to sanitation and overcrowding. These inspectors had the knowledge, experience, and ability to assess sanitation and overcrowding levels. They reported that 83.2% of the camps visited were suitable as human shelters. About 3.3% of the study population were living under trees and 23.8% were in overcrowded conditions in the relief camps.
Discussion
This study describes the findings of the rapid assessment of nutritional status and related factors carried out by the Ministry of Health in Sri Lanka one month after the tsunami disaster. It is a representative survey among children under five years of age and pregnant and lactating women who were living in displacedpersons' camps as a result of the tsunami disaster. At the time of the study, most of the people in Sri Lanka who had been displaced by the tsunami were living in these camps. This nutrition survey yielded a number of important findings. The prevalence of wasting among children under five was 16.1%, 2.1 percentage points higher than the national prevalence [1] . We believe this higher prevalence indicates the effect of short-term nutritional deprivation on children under five. A similar survey in Banda Aceh found that the prevalence of wasting was 12.7% [8] . However, in the Banda Aceh study, boys were more severely affected than girls, contrary to our findings. Our study found the highest prevalence of wasting (31.2%) among children between 12 and 23 months of age, a level much higher than the reported prevalence of 23% found among children between 12 and 24 months of age on the islands of Nias and Simeulue [8] .
On the basis of the epidemiologic criteria established by WHO for assessing the severity of undernutrition in populations, this study demonstrated a high prevalence of wasting and underweight and a moderate prevalence of stunting among the children under five living in camps [6] . Although the national prevalence of wasting was high, it was not generally above the trigger point of 15% indicated by WHO as of high public health concern [6] . Although this study found a level of wasting higher than the trigger point in the camps, a very low level (0.8%) of severely wasted children was observed. One potential limitation of using DHS reference data is that the DHS survey was carried out in 2001 and it indicates overall prevalence without indicating regional variations.
This study also documented a high prevalence of stunting among the children in comparison with that seen at the national level. This observation documents that the nutritional status of this population may be a longstanding problem.
At the time of our study, about one-sixth of the children had recently had diarrhea and two-thirds had acute respiratory tract infections. The highest prevalence of acute respiratory tract infection and diarrhea was observed among children between the ages of 12 and 23 months, the same age group with the highest level of wasting. The prevalence of wasting was higher among children with diarrhea and acute respiratory tract infection.
Routine vitamin A megadose supplementation is provided for children 9 to 18 months of age in Sri Lanka through the maternal and child health clinics. We found, however, that only 33.2% of children 12-23 months had received their vitamin A megadose during the previous 6 months. This observation is compatible with the high incidence of acute respiratory tract infections, since vitamin A has been associated with resistance to infection [9] .
Overall, breastfeeding practices were satisfactory, with about 94% of children under 6 months of age being breastfed at the time of the study. About 43% of the children were fed four or more times daily. On the basis of 24-hour recall, most of the children had an unbalanced and monotonous diet, consisting of rice, milk, and biscuits, with few vegetables, fruits, animal products, and pulses. More than two-thirds of the children did not receive micronutrient-fortified supplementary foods. Although an adequate quantity (as determined by caregivers) of food was given daily and consistently, the supply of optimum micronutrients from this diet is questionable.
Sugar added to tea or other beverages was one of the main sources of energy among all age groups. Although the Ministry of Health has recommended not adding sugar and salt to food for children under 1 year of age, 66.4% of infants (6 to 12 months) in this population were given added sugar in tea and other beverages. It is important to note that this could not be prevented under the circumstances of the disaster.
More than one-third of the men in the camps had been employed in the fishing industry, and another one-third were employed in day jobs related to the fishing industry. Even one month after the tsunami, when this study was conducted, most people were out of work and were receiving government assistance for shelter and food until they were able to establish a normal livelihood. The availability of clean water and sanitary facilities was adequate, and health-care personnel visited camps frequently to assess the situation.
About one-third of lactating women and more than one-third of pregnant women were underweight. Although the sample size was small, this observation suggests the need for specific nutritional interventions for these groups of women.
Food supply, sanitation, and access to water seemed to be satisfactory in the camps, according to the camp managers. Practices related to personal hygiene were not satisfactory overall, an observation suggesting the need for education in hygiene.
Even before the tsunami, undernutrition was the single greatest developmental challenge for Sri Lankan children [1] . It was expected that this situation would increase the risk of undernutrition among the usual vulnerable groups, in particular children and women.
Conclusions and recommendations
Malnutrition is a public health problem among children under five and pregnant and lactating women living in relief camps. It is important to translate these findings into targeted interventions through all sectors with effective coordination among all agencies to prevent the further deterioration of nutritional status. We recommend that a one-day vitamin A megadose supplementation campaign for children aged 6 months to 5 years be launched in tsunami-affected areas; that supplementary food (triposha or corn-soya blend) be supplied for all children under five and to pregnant and lactating women in the tsunami-affected areas for a minimum of 1 year; that nutrition surveillance systems be established in tsunami-affected areas; that social services departments and camp managers be advised to provide nutritionally complete food rations for children; and that capacity building of health workers on key nutrition interventions in health and nutrition in emergencies be initiated.
